EP 2 012 420 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 012 420 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: HO2M 7148 (2007-01) HO2M 7/12 (2006.07)
15.11.2017 Bulletin 2017/46 Ho2M 3/06 270" HO2M 5140 (29907
Application number: 07742065.1 (86) International application number:
PCT/JP2007/058630

Date of filing: 20.04.2007

(87) International publication number:
WO 2007/123204 (01.11.2007 Gazette 2007/44)

(54)

DIRECT AC POWER CONVERTING APPARATUS
WANDLERVORRICHTUNG ZUR DIREKTEN WECHSELSTROMWANDLUNG

DISPOSITIF CONVERTISSEUR POUR LA CONVERSION DIRECTE DE LA PUISSANCE
ALTERNATIF

(84)

(30)

(43)

(73)

Designated Contracting States: (72) Inventor: SAKAKIBARA, Kenichi
AT BE BG CHCY CZDE DKEE ES FIFR GB GR Kusatsu-shi
HUIE IS ITLILT LU LV MC MT NL PL PT RO SE Shiga 525-0044 (JP)
SISK TR
(74) Representative: Hoffmann Eitle
Priority: 24.04.2006 JP 2006119123 Patent- und Rechtsanwilte PartmbB
ArabellastraBBe 30
Date of publication of application: 81925 Miinchen (DE)

07.01.2009 Bulletin 2009/02
(56) References cited:

Proprietor: Daikin Industries, Ltd. DE-A1-10 343 925 JP-A- 2000 341 967
Osaka-shi, Osaka 530-8323 (JP) JP-A- 2004 343 993  JP-A- 2006 054 947
US-A- 3 602 795 US-A- 3743914

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 012 420 B1
Description
TECHNICAL FIELD

[0001] The present invention relates to direct AC power converting apparatuses and, more particularly, to a direct AC
power converting apparatus having a clamp circuit in a DC link part.

BACKGROUND ART

[0002] As a typical main circuit construction for inverters, indirect AC power conversion circuits which converts a
commercial AC current into a DC current via a rectifier circuit and a smoothing circuit and obtains an AC output by a
voltage-type converter are generally used. Meanwhile, as a method for obtaining an AC output directly from an AC
voltage, direct AC power converting apparatuses typified by matrix converters are known. In this case, since large
capacitors and reactors for smoothing voltage pulsations by commercial frequencies are unnecessary, converter mini-
aturization can be expected and therefore the direct AC power converting apparatuses have been increasingly gaining
attentions as next-generation power converting apparatuses.

[0003] Also, as a direct conversion circuit with a DC link, a circuit method and a modulation principle which have no
smoothing circuit in the DC link of conventional inverters have been proposed in Document 1 (Lixiang.Weigh, Thomas.A.
Lipo, "Investigation of 9-switch Dual-bridge Matrix Converter Operating under Low Output Power Factor", U.S.A., IEEE
ISA2003, vol.1, pp.176-181), and Document 2 (USP 6,995,992). These Documents 1 and 2 disclose that an average
current (voltage) of the DC link part is controlled into a pulsating current, a converter-side current is controlled into a
trapezoidal waveform, and moreover inverter-side PWM (Pulse Width Modulation) is synchronized with the converter
side, thus making it possible to achieve direct conversion from a commercial AC current into an AC output without
generating a certain DC voltage.

[0004] In such a direct conversion circuit with the DC link, since no regenerative function is provided on the converter
side, a clamp circuit of absorbing electric power is necessitated for the DC link part.

[0005] In the direct conversion circuit with the DC link part, since one AC capacitor is connected to the DC link part,
a V3-time larger voltage is applied to the capacitor used in the input-side LC filter circuit, involving the use of a capacitor
having a high withstand voltage. This leads to an increase in cost as a problem.

[0006] Further in the direct conversion circuit with the DC link, since the capacitor in the clamp circuit is discharged,
an active element and a control circuit are necessitated, resulting in a complicated circuit construction.

[0007] Further background art is disclosed in the following documents.

[0008] DE 10 343 925 A1 discloses a handheld electrical power tool which has an electric motor that is connected to
the power electronics of a motor control unit. The latter has a direct current voltage intermediate circuit with a first
intermediate circuit capacitor with two external electrical connections. The direct current intermediate circuit has a further
second intermediate circuit capacitor with two external electrical connections.

[0009] US 3,743,914 discloses an electrical circuit in which a bank of capacitors is controllably charged in series and
then discharged in parallel through the interaction of a voltage divider, a silicon controlled rectifier, and diode circuit
elements to transform a sinusoidal line voltage into a half-wave pulse. The magnitude of the pulse is a function of the
RMS line voltage input and the number of capacitors in the bank. This function may be expressed as 1/(k)-V/n where V
is the RMS line voltage input, n is the number of capacitors in the banks and k is the transformation and round-off error
constant.

[0010] US 3,602,795 discloses a power supply circuit which receives as an input an AC line voltage, rectifies the line
voltage to DC and transforms the voltage downwardly to a much lower level. No transformer is employed but rather the
power supply circuit includes a plurality of capacitors which are charged in series by the line voltage and discharged in
parallel across the load. The charging and discharging is controlled by a diode and transistor connected to each capacitor
and to each other so that the diode conducts during the charging and then maintains the transistor nonconductive and
the transistor conducts during the discharge when the diode is nonconductive.

SUMMARY OF THE INVENTION

[0011] Accordingly, an object of the present invention is to provide a direct AC power converting apparatus which
make it possible to lower the withstand voltage of the capacitor to be used for the clamp circuit with a simple construction.
Solutions to achieve the object.

[0012] In orderto achieve the object, the presentinvention provides a direct AC power converting apparatus according
to Claim 1. Optional features are set out in the dependent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a constructional view of a direct AC power converting apparatus according to a first embodiment of the
present invention;

Fig. 2 is a chart showing a DC voltage of the direct AC power converting apparatus;

Fig. 3 is a constructional view of a direct AC power converting apparatus according to a second embodiment of the
present invention;

Fig. 4 includes charts showing simulation results of the direct AC power converting apparatus;

Fig. 5 includes charts showing relationships between input current and DC current by waveforms of individual
sections with respect to a regenerative state under a power factor of 1 of the direct AC power converting apparatus;
Fig. 6 includes charts showing relationships between input current and DC current by waveforms of individual
sections with respect to a regenerative state under a power factor of 0.7 of the direct AC power converting apparatus;
Fig. 7 is a chart showing a result of determining a relationship between load power factor and voltage level of the
direct AC power converting apparatus;

Fig. 8 is a constructional view of a clamp circuit of a direct AC power converting apparatus according to a third
embodiment of the invention;

Fig. 9 is a constructional view of a direct AC power converting apparatus according to a prior art; and

Fig. 10 includes charts showing simulation results of the direct AC power converting apparatus.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinbelow, direct AC power converting apparatuses according to embodiments of the present invention will
be described in detail by reference to the accompanying drawings.

[0015] There is described in the following a direct AC power converting apparatus according to an embodiment of the
present invention, which comprises:

a converter section for converting a three-phase AC input voltage into a DC voltage;

an inverter section for converting the DC voltage, which is a conversion result by the converter section, into a
specified three-phase AC output voltage;

a first DC link section on an anode side and a second DC link section on a cathode side for connecting the converter
section and the inverter section to each other; and

a clamp circuit which is connected between the first DC link section and the second DC link section and which has
at least two capacitance elements, wherein

in the clamp circuit,

with the capacitance elements connected in series between the first DC link section and the second DC link section,
the individual capacitance elements are charged by a regenerative current derived from the inverter section, and
with the individual capacitance elements connected in parallel between the first DC link section and the second DC
link section, the capacitance elements are discharged.

[0016] It is noted that the term, DC voltage, includes such voltages as AC voltage components are superimposed on
DC voltage components.

[0017] Inthis case, with the capacitance elements connected in series between the first DC link section and the second
DC link section, the individual capacitance elements are charged by a regenerative current derived from the inverter
section. On the other hand, with the capacitance elements connected in parallel between the first DC link section and
the second DC link section, the capacitance elements are discharged. In the charging of the capacitance elements by
the regenerative current derived from the inverter section, the voltage between the first, second DC link sections is
divided while the capacitance elements are connected in series. Therefore, by using such a nonlinear capacitor circuit,
the withstand voltage of the capacitors used for the clamp circuit can be lowered with a simple construction.

[0018] In the direct AC power converting apparatus of one embodiment,

[0019] the clamp circuit has:

a first capacitance element having one end connected to the first DC link section;

a second capacitance element having one end connected to the second DC link section;

a diode element connected in forward direction between the other end of the first capacitance element and the other
end of the second capacitance element;

a first switching circuit which is connected between a connecting point of the diode element and the second capac-
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itance element and the first DC link section, and which turns on during discharge of the second capacitance element;
and

a second switching circuit which is connected between a connecting point of the diode element and the first capac-
itance element and the second DC link section, and which turns on during discharge of the first capacitance element.

[0020] Inthis embodiment, since the discharge level can be controlled by the first, second switching circuits, the clamp
voltage, which is the charge level, can be controlled.

[0021] In the direct AC power converting apparatus of one embodiment,

the clamp circuit has:

a first capacitance element having one end connected to the first DC link section;

a second capacitance element having one end connected to the second DC link section;

a first diode element connected in forward direction between the other end of the first capacitance element and the
other end of the second capacitance element;

a second diode element connected in reverse direction between a connecting point of the first diode element and
the second capacitance element and the first DC link section; and

a third diode element connected in reverse direction between a connecting point of the first diode element and the
first capacitance element and the second DC link section.

[0022] In this embodiment, by applying diodes to the discharge path, it becomes possible to eliminate the need for
any active element or control circuit, allowing a passive snubber construction to be adopted.

[0023] In the direct AC power converting apparatus of one embodiment,

the clamp circuit has:

a first capacitance element having one end connected to the first DC link section;

a first diode element having one end connected to the other end of the first capacitance element;

a second capacitance element having one end connected to the other end of the first diode element;

a second diode element having one end connected to the other end of the second capacitance element;

a third capacitance element having one end connected to the other end of the second diode element and having
the other end connected to the other end of the second DC link section;

a third diode element connected in reverse direction between a connecting point of the first diode element and the
first capacitance element and the second DC link section;

a fourth diode element connected in reverse direction between a connecting point of the first diode element and the
second capacitance element and the first DC link section;

a fifth diode element connected in reverse direction between a connecting point of the second diode element and
the second capacitance element and the second DC link section; and

a sixth diode element connected in reverse direction between a connecting point of the second diode element and
the third capacitance element and the first DC link section, and wherein

the first diode element is connected in forward direction between the first capacitance element and the second
capacitance element, and

the second diode element is connected in forward direction between the second capacitance element and the third
capacitance element.

[0024] Inthis embodiment, when the first to third capacitance elements are charged with a regenerative current derived
from the inverter section, the voltage between the first, second DC link sections is divided with the capacitance elements
connected in series. Thus, the withstand voltage of capacitors to be used for the clamp circuit can be further lowered.
Also, the charging voltage becomes about 1.5 times higher than in the case where two capacitors of the clamp circuit
are connected in series, while the discharge level is equivalent thereto. As a result, discharge occurs while the power
supply voltage (voltage fluctuation of the three-phase AC input voltage) is under a minimum voltage, but charge and
discharge do not occur while the power supply voltage is not less than the minimum voltage. Thus, occurrence of losses
due to unnecessary charge and discharging can be avoided against voltage fluctuations of the three-phase AC input
voltage.

[0025] As apparent from the above description, according to the direct AC power converting apparatuses of the
embodiments, by virtue of the application of nonlinear capacitor circuits, the capacitor withstand voltage of the clamp
circuit can be reduced to a half. Furthermore, application of diodes to the discharge path eliminates the need for any
active device or control circuit, allowing a passive snubber construction to be adopted.
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(First Embodiment)

[0026] Fig. 1 shows a constructional view of a direct AC power converting apparatus according to a first embodiment
of the invention.

[0027] The direct AC power converting apparatus of this first embodiment, as shown in Fig. 1, includes a converter
section 1 composed of transistors S, S, Sgp, Sg, Sy, Sty and diodes Dy, Dy, Dy, Dgpy, Dy, Dy, @n inverter section

p* ¥me Yspr Ysns rp’ ~rn* Z'sp’ “sn?
2 composed of transistors S o, S,n, Syp, Syn, Syp, Sy @and diodes Do, Dy, Dy, Dyn, Dy, Dy, @and a control section
Ssn» Stps Sty Of the converter

vpr “Pvnr Cwp? up’ “un’ “vpr Zvn: Fwp’ Fwn?
(not shown) for outputting control signals to turn on and off the transistors S, Sy, S,
section 1 and the transistors S, S;n, Syp, Syns Swp, Swn Of the inverter section 2.
[0028] The converter section 1 inputs a phase voltage v, derived from a three-phase AC power supply 5 to a collector
of the transistor S, and an emitter of the transistor S, via a coil L11. The converter section 1 also inputs a phase voltage
v derived from the three-phase AC power supply 5 to a collector of the transistor SSp and an emitter of the transistor
S, via a coil L12. Further, the converter section 1 inputs a phase voltage v; derived from the three-phase AC power
supply 5 to a collector of the transistor Sy, and an emitter of the transistor Sy, via a coil L13. The emitters of the transistors
Sip Sspy Syp are connected to anodes of the diodes Dy, Dy, Dy, respectively, cathodes of those diodes Dy, Dy, Dy,
are each connected to a first DC link section L1. On the other hand, the collectors of the transistors S, Sq,, Sy, are
connected to cathodes of the diodes D,,, Dg,, Dy,, respectively, and anodes of those diodes D,,, Dg,, Dy, are each
connected to a second DC link section L2.

[0029] Itis noted that one end of a capacitor C11 is connected between the coil L11 and the collector of the transistor
Srp, one end of the capacitor C12 is connected between the coil L12 and the collector of the transistor Ssp, and one end
of a capacitor C13 is connected between the coil L13 and the collector of the transistor Sy,. The other ends of the
capacitors C11, C12, C13 are connected to one another. The coils L11, L12, L13 and the capacitors C11, C12, C13
make up an LC filter circuit 6.

[0030] Also, the inverter section 2 connects the emitter of the transistor S, and the collector of the transistor S, to
an output terminal to an output terminal of a phase voltage v, of a three-phase AC output voltage, connects the emitter
of the transistor S, and the collector of the transistor S, to an output terminal of a phase voltage v,, and connects the
emitter of the transistor S,,, and the collector of the transistor S,,, to an output terminal of a phase voltage v,,. The
collectors of the transistors S, S, S, are each connected to the first DC link section L1, while the emitters of the
transistors S, S, S, are each connected to the second DC link section L2. Further, the diodes D,,,, Dvp, D, are
connected between the collectors and emitters of the transistors Sup Svp, SWp in reverse directions, respectively, while
the diodes D, D,,, D,,, are connected between the collectors and emitters of the transistors S ,,, S,,, S, in reverse
directions, respectively.

[0031] Three-phase star-connected loads (coils L21, L22 L23 and resistors R21, R22, R23) are connected to output
terminals of the phase voltage v, v,, v,, of the inverter section 2, respectively.

[0032] Also, one end of a capacitor C1 as an example of a first capacitance element is connected to the first DC link
section L1, and an anode of a diode D1 as an example of a diode element is connected to the other end of the capacitor
C1. One end of a capacitor C2 as an example of a second capacitance element is connected to a cathode of the diode
D1, and the other end of the capacitor C2 is connected to the second DC link section L2. Also, a collector of a transistor
Q1 is connected to the cathode of the diode D1, and an emitter of the transistor Q1 is connected to an anode of a diode
D11. A cathode of the diode D11 is connected to the first DC link section L1. An emitter of a transistor Q2 is connected
to the anode of the diode D1, and the collector of the transistor Q1 is connected to a cathode of a diode D12. Then, an
anode of the diode D12 is connected to the second DC link section L2. The capacitors C1, C2, the diodes D1, D2, D3,
and the transistors Q1, Q2 constitute a clamp circuit 3. The transistor Q1 and the diode D11 constitute a first switching
circuit. Also, the transistor Q2 and the diode D12 constitute a second switching circuit.

[0033] Thedirect AC power converting apparatus also includes a differential amplifier 4 to which a voltage Vcl (voltage
across the capacitor C2) is applied at its noninverting input terminal while a reference voltage Vth is applied to its inverting
input terminal, so that a control signal Scl outputted from the differential amplifier 4 is inputted to bases of the transistors
Q1, Q2. The reference voltage Vth is a reference voltage for turning on the transistors Q1, Q2 when discharge of the
capacitors C1, C2 is started.

[0034] As shown in Fig. 1, since a voltage between the first, second DC link sections L1, L2 is divided by the series-
connected two capacitors C1, C2, applied voltages of the capacitors C1, C2 can be reduced to about ¥3/2, as compared
with applied voltages of the capacitors C11 - C13 of the input-side LC filter circuit 6.

[0035] Inthe direct AC power converting apparatus of the first embodiment described above, since the discharge level
of Fig. 2 can be controlled, it becomes implementable to control the clamp voltage, which is at a charge level V1. In this
case, as shown in Fig. 2, taking into consideration that the peak value of a maximum voltage becomes a double of a
minimum value of the intermediate voltage in instantaneous values of the DC link voltage, the clamp circuit 3 is employed
as a snubber which discharges with a half voltage.

[0036] According to the direct AC power converting apparatus constructed as described above, when the capacitors

sn’ m? sn?
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C1, C2 are charged with a regenerative current derived from the inverter section 2, the voltage between the first, second
DC link sections L1, L2 is divided with the capacitors C1, C2 connected in series. Thus, the withstand voltage of capacitors
to be used for the clamp circuit can be lowered with a simple construction.

[0037] Furthermore, since the discharge level can be controlled by the first, second switching circuits (Q1, D11, Q2,
D12), it becomes implementable to control the clamp voltage that is the charge level V1.

(Second Embodiment)

[0038] Fig. 3shows aconstructional view of a direct AC power converting apparatus according to a second embodiment
of the invention. The direct AC power converting apparatus of this second embodiment is similar in construction to the
direct AC power converting apparatus of the first embodiment except the clamp circuit. Therefore, like constituent
members are designated by like reference numerals, and their description is omitted.

[0039] One end of a capacitor C1 as an example of a first capacitance element is connected to the first DC link section
L1, and an anode of a diode D1 as an example of a first diode element is connected to the other end of the capacitor
C1. One end of a capacitor C2 as an example of a second capacitance element is connected to a cathode of the diode
D1, and the other end of the capacitor C2 is connected to the second DC link section L2. Also, an anode of a diode D2
as an example of a second diode element is connected to the cathode of the diode D1, and a cathode of the diode D2
is connected to the first DC link section L1. Then, a cathode of a diode D3 as an example of a third diode element is
connected to the anode of the diode D1, and an anode of the diode D3 is connected to the second DC link section L2.
The capacitors C1, C2 and the diodes D1, D2, D3 constitute a clamp circuit 13.

[0040] In the direct AC power converting apparatus of the second embodiment described above, since the discharge
level of Fig. 2 is determined by a period required for discharge, the charge level exceeds the peak value of the maximum
voltage, but the capacitor voltage acts to obtain equilibrium because the period for action as an intermediate voltage
during discharge is prolonged by voltage increase during charge.

[0041] Fig. 9 shows a construction of a direct AC power converting apparatus according to a prior art method for
comparison’ sake. In Fig. 9, reference numerals S,,, Spm, Scry denote converter-side transistors, S, Sy, Syps Sun,
Sun» Swn denote inverter-side transistors, and Sc denotes a transistor of the clamp circuit. Also, Fig. 10 shows simulation
results under a delay power factor load of 0.62 (51.5°) on the direct AC power converting apparatus shown in Fig. 9.
Fig. 10(a) shows an input current, Fig. 10(b) shows an output current, Fig. 10(c) shows a DC link current, Fig. 10(d)
shows a clamp capacitor voltage and a DC link voltage, Fig. 10(e) shows an active clamp diode current, and Fig. 10(f)
shows an active clamp IGBT (Insulated-Gate Bipolar Transistor) current.

[0042] Also, Fig. 4 shows simulation results under a delay power factor load of 0.62 (51.5°) on the direct AC power
converting apparatus of this second embodiment. Fig. 4(a) shows an input current, Fig. 4(b) shows an output current,
Fig. 4(c) shows a DC link current, Fig. 4(d) shows a clamp C-series voltage, a DC link voltage and a clamp C-parallel
voltage, Fig. 4(e) shows a passive clamp charge current, and Fig. 4(f) shows a passive clamp discharge current.
[0043] In the prior-art direct AC power converting apparatus shown in Fig. 9, because of clamping at a threshold
voltage of 350 V, charging and discharging at the clamp voltage are repeated. In the second embodiment, on the other
hand, since the discharge voltage is determined by the period during which the intermediate voltage keeps at a minimum,
aclamp voltage double the discharge voltage can be obtained, so that a constant-voltage clamp operation can be realized
with no control.

[0044] Above-mentioned Document 1 ("Investigation of 9-switch Dual-bridge Matrix Converter Operating under Low
Output Power Factor") shows that a current is regenerated to the DC link section in regions where the phase angle of
an output current is not less than n/6.

[0045] An explanation of the relationship between regeneration period and clamp voltage will be given below.
[0046] Figs. 5(a) to 5(e) show a relationship between input current and DC current by waveforms of the individual
sections with respect to a regenerative state under a power factor of 1 of the direct AC power converting apparatus of
the second embodiment. Figs. 6(a) to 6(e) show a relationship between input current and DC current by waveforms of
the individual sections with respect to a regenerative state under a delay of n/4 and a power factor of 0.7. It is noted that
Fig. 5(a) and Fig. 6(a) show inputted phase voltage waveforms, Fig. 5(b) and Fig. 6(b) show DC voltages, Fig. 5(c) and
Fig. 6(c) show line currents, Fig. 5(d) and Fig. 6(d) show DC currents, and Fig. 5(e) and Fig. 6(e) show time ratios t,, tg,
respectively.

[0047] In the DC link sections (first, second DC link sections L1, L2), two-phase line currents flow therethrough by
selected two vectors. In a mode 1 in Fig. 5, it can be understood that since an upper arm (Sup) of the U phase in the
inverter section 2 turns ON during a period V,, a line current lu flows through the DC link sections, causing a lower arm
(Swn) of the W phase in the inverter section 2 to turn ON during a period Vg, so that a line current -lw flows through the
DC link section (see Fig. 5(c)). It can also be read from the waveforms that the DC link voltage keeps a positive value
for up to a delay phase of n/6 (see Fig. 5(c)).

[0048] Meanwhile, Figs. 6(a) to 6(e) shows a case of a delay of n/4 (power factor of 0.7) of the direct AC power
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converting apparatus of the second embodiment. In this case, the current during a n/12 period in the period Vg becomes
negative, and a charge current flows into the clamp circuit 13 only in that region (see Fig. 6(c), Fig. 6(d)).

[0049] Under such circumstances, the capacitors C1, C2 of the clamp circuit 13 hold a constant voltage double the
discharge voltage, and discharges at the time when the DC link voltage becomes an intermediate voltage Emid through
switching of the converter section 1. It is noted that the voltage to be held comes to an equilibrium by balancing between
discharge phase and load phase on the inverter section 2 side.

[0050] With regard to electric charge in charging in Fig. 6, in which PWM modulation is applied at the time ratios t,,
ts shown in Fig. 6(e), the average current can be determined by multiplying the current value (Fig. 6(d)) and the time
ratio (Fig. 6(e)) together.

[0051] Ina DC current | g appearing during a period tg, in which a W-phase current appears as itis inverted, and given
a current delay phase angle (power factor angle) ¢, the DC current |4 results in:

I cos(6 +2Tn—¢)

—sin(6+%7£+§-—¢)
= sin(0+2-9)

Now, if the sine wave is considered by linear approximation because of a small delay phase angle, then the current
value and the time ratio can be expressed by the following equation:

I, = 20-@-5), 1, = 26
T 6 V4

[0052] Therefore, the average current | gtg is

L, = — (6 -$-5)0)
T 6

and the charge q,, for charging can be determined by integrating the average current | 4ts:

T
/6 3(¢—g)3
9. = | Led0 = T

[0053] Meanwhile, with respect to charge for discharging, the capacitors C1, C2 of the clamp circuit 13 release charge
during the period of connection to the intermediate voltage, i.e., during a period (S-phase current in mode 1) in which
the input current is in the intermediate phase because of control with an input power factor of 1. Thus, it is enough to
determine the relationship between discharge phase and charge.

[0054] Similarly, determining the relationship between discharge phase and charge by linear approximation results in

2 3
g, = 2f1,d0 = >4

[0055] Then, by determining the discharge phase so that the charge g, for charging and the charge q for discharging
become equal to each other, the discharge voltage level can be determined.

[0056] The relationship between the charge for charging and the charge for discharging varies between the load power
factor and the output voltage control factor kg, and therefore is corrected by the following equation:
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q, = q,k, cos¢

[0057] Also, the relationship between resulting discharge phase and voltage level is, from the DC link waveform, as
follows:

I/vlow = SlIl( ¢d + ﬂ-/ 6) H Vhigh = 21/1

ow

[0058] A result of the relationship between load power factor and voltage level determined according to the above
relational equation is shown in Fig. 7. Fig. 7 gives variations of discharge level, charge level and load power factor in
relation to a load phase angle obtained with an input of a 200 V three-phase AC input voltage. In Fig. 7, white circle
marks denote discharge level (V), black circle marks denote charge level (V), and triangle marks denote load power
factors.

[0059] As shown in Fig. 7, the more the load phase angle increases, the more the load power factor decreases while
the discharge level and the charge level increase.

[0060] As described above, the charge for charging is determined by the load power factor, and the discharge level
is uniquely determined by the charge for charging. Therefore, it can be understood that in this method, the clamp voltage
is balanced even with the use of passive circuits.

[0061] According to the direct AC power converting apparatus constructed described above, when the capacitors C1,
C2 are charged with a regenerative current derived from the inverter section 2, the voltage between the first, second
DC link sections L1, L2 is divided with the capacitors C1, C2 connected in series. Thus, the withstand voltage of capacitors
to be used for the clamp circuit can be lowered with a simple construction.

[0062] Also, by applying diodes to the discharge path can eliminate the need for any active element or control circuit,
a passive snubber construction can be adopted.

(Third Embodiment)

[0063] Fig. 8 is a constructional view of a clamp circuit in a direct AC power converting apparatus according to a third
embodiment of the invention. The direct AC power converting apparatus of this third embodiment is similar in construction
to the direct AC power converting apparatus of the first embodiment except the clamp circuit. Therefore, like constituent
members are designated by like reference numerals, with their description omitted, and Fig. 1 is used also in this case.
[0064] One end of a capacitor C1 as an example of a first capacitance element is connected to the first DC link section
L1, and an anode of a diode D1 as an example of a first diode element is connected to the other end of the capacitor
C1. One end of a capacitor C2 as an example of a second capacitance element is connected to a cathode of the diode
D1, and the other end of the capacitor C2 is connected to an anode of a diode D2 as an example of a second diode
element. Further, a cathode of the diode D2 is connected to one end of a capacitor C3 as an example of a third capacitance
element, and the other end of the capacitor C3 is connected to the second DC link section L2. Also, a cathode of a diode
D3 as an example of a third diode element is connected to an anode of the diode D1, and an anode of the diode D3 is
connected to the second DC link section L2. An anode of a diode D4 as an example of a fourth diode element is connected
to the cathode of the diode D1, and a cathode of the diode D4 is connected to the first DC link section L1. Also, a cathode
of a diode D5 as an example of a fifth diode element is connected to the anode of the diode D2, and an anode of the
diode D5 is connected to the second DC link section L2. Further, an anode of a diode D6 as an example of a sixth diode
element is connected to the cathode of the diode D2, and an anode of the diode D6 is connected to the first DC link
section L1. The capacitors C1 - C3 and the diodes D1 - D6 constitute a clamp circuit 23.

[0065] The direct AC power converting apparatus of this third embodiment has the same effects as those of the direct
AC power converting apparatus of the second embodiment, and moreover the withstand voltage of the capacitors C1 -
C3 used for the clamp circuit 23 can be further lowered. Also, as shown in Fig. 2, the charge level V2 in this third
embodiment becomes about 1.5 times higher than the charge level V1 of the case where two capacitors of the clamp
circuit are connected in series, while the discharge level is equivalent between those embodiments. As a result, discharge
occurs while the power supply voltage (voltage fluctuation of the three-phase AC input voltage) is under a minimum
voltage, but charge and discharge do not occur while the power supply voltage is not less than the minimum voltage.
Thus, occurrence of losses due to unnecessary charge and discharging can be avoided against voltage fluctuations of
the three-phase AC input voltage.

[0066] Direct AC power converting apparatuses including the converter section 1 and the inverter section 2 have been
described in the foregoing first to third embodiments. However, the circuit construction of the converter section and the
inverter section is not limited to them. The invention may also be applied to direct AC power converting apparatuses
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including a converter section for converting a three-phase AC input voltage into a DC voltage, an inverter section for
converting the DC voltage, which is a conversion result by the converter section, into a specified three-phase AC output
voltage, the direct AC power converting apparatuses having no smoothing-use filter in the DC link section that connects
the converter section and the inverter section to each other.

Claims
1. Adirect AC power converting apparatus comprising:

a converter section (1) for converting a three-phase AC input voltage into a DC voltage that includes AC voltage
components superimposed on DC voltage components;

an inverter section (2) for converting the DC voltage, which includes the AC voltage components superimposed
on the DC voltage components, and which is a conversion result by the converter section (1), into a specified
three-phase AC output voltage;

a first DC link section (L1) on an anode side and a second DC link section (L2) on a cathode side for connecting
the converter section (1) and the inverter section (2) to each other; and

a clamp circuit (3, 13, 23) which is connected between the first DC link section (L1) and the second DC link
section (L2) and which has at least two capacitance elements (C1, C2, C3), wherein

the converter section (1) and the inverter section (2) are arranged to convert the AC input voltage into the AC
output voltage without generating any smoothed DC voltage,

in the clamp circuit (3, 13, 23),

with the capacitance elements (C1, C2, C3) connected in series between the first DC link section (L1) and the
second DC link section (L2), the individual capacitance elements (C1, C2, C3) are charged by a regenerative
current derived from the inverter section (2), and

with the individual capacitance elements (C1, C2, C3) connected in parallel between the first DC link section
(L1) and the second DC link section (L2), the capacitance elements (C1, C2, C3) are discharged.

2. The direct AC power converting apparatus as claimed in Claim 1, wherein
the clamp circuit (3) has:

a first capacitance element (C1) having one end connected to the first DC link section (L1);

a second capacitance element (C2) having one end connected to the second DC link section (L2);

a diode element (D1) connected in forward direction between the other end of the first capacitance element
(C1) and the other end of the second capacitance element (C2);

a first switching circuit (Q1, D11) which is connected between a connecting point of the diode element (D1) and
the second capacitance element (C2) and the first DC link section (L1), and which turns on during discharge of
the second capacitance element (C2); and

a second switching circuit (Q2, D12) which is connected between a connecting point of the diode element (D1)
and the first capacitance element (C1) and the second DC link section (L2), and which turns on during discharge
of the first capacitance element (C1).

3. The direct AC power converting apparatus as claimed in Claim 1, wherein
the clamp circuit (13) has:

a first capacitance element (C1) having one end connected to the first DC link section (L1);

a second capacitance element (C2) having one end connected to the second DC link section (L2);

a first diode element (D1) connected in forward direction between the other end of the first capacitance element
(C1) and the other end of the second capacitance element (C2);

asecond diode element (D2) connected in reverse direction between a connecting point of the first diode element
(D1) and the second capacitance element (C2) and the first DC link section (L1); and

a third diode element (D3) connected in reverse direction between a connecting point of the first diode element
(D1) and the first capacitance element (C1) and the second DC link section (L2).

4. The direct AC power converting apparatus as claimed in Claim 1, wherein
the clamp circuit (23) has:

a first capacitance element (C1) having one end connected to the first DC link section (L1);
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a first diode element (D1) having one end connected to the other end of the first capacitance element (C1) ;

a second capacitance element (C2) having one end connected to the other end of the first diode element (D1);
aseconddiode element (D2) having one end connected to the other end of the second capacitance element (C2);
a third capacitance element (C3) having one end connected to the other end of the second diode element (D2)
and having the other end connected to the other end of the second DC link section (L2);

a third diode element (D3) connected in reverse direction between a connecting point of the first diode element
(D1) and the first capacitance element (C1) and the second DC link section (L2);

afourth diode element (D4) connected in reverse direction between a connecting point of the first diode element
(D1) and the second capacitance element (C2) and the first DC link section (L1);

afifth diode element (D5) connected in reverse direction between a connecting point of the second diode element
(D2) and the second capacitance element (C2) and the second DC link section (L2); and

a sixth diode element (D6) connected in reverse direction between a connecting point of the second diode
element (D2) and the third capacitance element (C3) and the first DC link section (L1), and wherein the first
diode element (D1) is connected in forward direction between the first capacitance element (C1) and the second
capacitance element (C2), and

the second diode element (D2) is connected in forward direction between the second capacitance element (C2)
and the third capacitance element (C3).

Patentanspriiche

Direkt-Wechselstromwandlungsvorrichtung, umfassend:

einen Wandlerabschnitt (1) zum Wandeln einer dreiphasigen Eingangs-Wechselspannung in eine Gleichspan-
nung, die Wechselspannungskomponenten enthalt, die Gleichspannungskomponenten Uberlagert sind;
einen Wechselrichterabschnitt (2) zum Wandeln der Gleichspannung, die die Wechselspannungskomponenten
enthalt, die den Gleichspannungskomponenten lberlagert sind, und die ein Wandlungsergebnis durch den
Wandlerabschnitt (1) ist, in eine spezifizierte dreiphasige Ausgangs-Wechselspannung;

einen ersten Gleichstrom-Verbindungsabschnitt (L1) auf einer Seite einer Anode und einen zweiten Gleichstrom-
Verbindungsabschnitt (L2) auf einer Seite einer Kathode zum Verbinden des Wandlerabschnitts (1) und des
Wechselrichterabschnitts (2) miteinander; und

eine Klemmschaltung (3, 13, 23), die zwischen den ersten Gleichstrom-Verbindungsabschnitt (L1) und den
zweiten Gleichstrom-Verbindungsabschnitt (L2) geschaltet ist und die zumindest zwei Kapazitatselemente (C1,
C2, C3) aufweist, wobei

der Wandlerabschnitt (1) und der Wechselrichterabschnitt (2) dazu eingerichtet sind, die Eingangs-Wechsel-
spannung in die Ausgangs-Wechselspannung zu wandeln, ohne irgendeine geglattete Gleichspannung zu
erzeugen,

in der Klemmschaltung (3, 13, 23),

mit den Kapazitdtselementen (C1, C2, C3), die zwischen den ersten Gleichstrom-Verbindungsabschnitt (L1)
und den zweiten Gleichstrom-Verbindungsabschnitt (L2) in Reihe geschaltet sind, die individuellen Kapazitat-
selemente (C1, C2, C3) durch einen regenerativen Strom geladen werden, der von dem Wechselrichterabschnitt
(2) abgeleitet wird, und

mit den individuellen Kapazitatselementen (C1, C2, C3), die zwischen den ersten Gleichstrom-Verbindungs-
abschnitt (L1) und den zweiten Gleichstrom-Verbindungsabschnitt (L2) parallel geschaltet sind, die Kapazitat-
selemente (C1, C2, C3) entladen werden.

2. Direkt-Wechselstromwandlungsvorrichtung nach Anspruch 1, wobei
die Klemmschaltung (3) aufweist:

ein erstes Kapazitatselement (C1), von dem ein Ende mit dem ersten Gleichstrom-Verbindungsabschnitt (L1)
verbunden ist;

ein zweites Kapazitatselement (C2), von dem ein Ende mit dem zweiten Gleichstrom-Verbindungsabschnitt
(L2) verbunden ist;

ein Diodenelement (D1), das in Durchlassrichtung zwischen das andere Ende des ersten Kapazitatselements
(C1) und das andere Ende des zweiten Kapazitatselements (C2) geschaltet ist;

einen ersten Schaltkreis (Q1, D11), der zwischen eine Anschlussstelle des Diodenelements (D1) und des
zweiten Kapazitatselements (C2) und den ersten Gleichstrom-Verbindungsabschnitt (L1) geschaltet ist und der
sich wahrend einer Entladung des zweiten Kapazitatselements (C2) einschaltet; und
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einen zweiten Schaltkreis (Q2, D12), der zwischen eine Anschlussstelle des Diodenelements (D1) und des
ersten Kapazitatselements (C1) und den zweiten Gleichstrom-Verbindungsabschnitt (L2) geschaltet ist und der
sich wahrend einer Entladung des ersten Kapazitdtselements (C1) einschaltet.

Direkt-Wechselstromwandlungsvorrichtung nach Anspruch 1, wobei
die Klemmschaltung (13) aufweist:

ein erstes Kapazitatselement (C1), von dem ein Ende mit dem ersten Gleichstrom-Verbindungsabschnitt (L1)
verbunden ist;

ein zweites Kapazitatselement (C2), von dem ein Ende mit dem zweiten Gleichstrom-Verbindungsabschnitt
(L2) verbunden ist;

ein erstes Diodenelement (D1), das in Durchlassrichtung zwischen das andere Ende des ersten Kapazitatse-
lements (C1) und das andere Ende des zweiten Kapazitdtselements (C2) geschaltet ist;

ein zweites Diodenelement (D2), das in Sperrrichtung zwischen eine Anschlussstelle des ersten Diodenelements
(D1) und des zweiten Kapazitatselements (C2) und den ersten Gleichstrom-Verbindungsabschnitt (L1) geschal-
tet ist; und

ein drittes Diodenelement (D3), das in Sperrrichtung zwischen eine Anschlussstelle des ersten Diodenelements
(D1) und des ersten Kapazitdtselements (C1) und den zweiten Gleichstrom-Verbindungsabschnitt (L2) geschal-
tet ist.

4. Direkt-Wechselstromwandlungsvorrichtung nach Anspruch 1, wobei
die Klemmschaltung (23) aufweist:

ein erstes Kapazitatselement (C1), von dem ein Ende mit dem ersten Gleichstrom-Verbindungsabschnitt (L1)
verbunden ist;

ein erstes Diodenelement (D1), von dem ein Ende mit dem anderen Ende des ersten Kapazitatselements (C1)
verbunden ist;

ein zweites Kapazitdtselement (C2), von dem ein Ende mit dem anderen Ende des ersten Diodenelements (D1)
verbunden ist;

ein zweites Diodenelement (D2), von dem ein Ende mit dem anderen Ende des zweiten Kapazitatselements
(C2) verbunden ist;

ein drittes Kapazitatselement (C3), von dem ein Ende mit dem anderen Ende des zweiten Diodenelements (D2)
verbunden ist und von dem das andere Ende mit dem anderen Ende des zweiten Gleichstrom-Verbindungs-
abschnitts (L2) verbunden ist;

ein drittes Diodenelement (D3), das in Sperrrichtung zwischen eine Anschlussstelle des ersten Diodenelements
(D1) und des ersten Kapazitdtselements (C1) und den zweiten Gleichstrom-Verbindungsabschnitt (L2) geschal-
tet ist;

ein viertes Diodenelement (D4), das in Sperrrichtung zwischen eine Anschlussstelle des ersten Diodenelements
(D1) und des zweiten Kapazitatselements (C2) und den ersten Gleichstrom-Verbindungsabschnitt (L1) geschal-
tet ist;

ein funftes Diodenelement (D5), das in Sperrrichtung zwischen eine Anschlussstelle des zweiten Diodenele-
ments (D2) und des zweiten Kapazitatselements (C2) und den zweiten Gleichstrom-Verbindungsabschnitt (L2)
geschaltet ist; und

ein sechstes Diodenelement (D6), das in Sperrrichtung zwischen eine Anschlussstelle des zweiten Diodene-
lements (D2) und des dritten Kapazitatselements (C3) und den ersten Gleichstrom-Verbindungsabschnitt (L1)
geschaltet ist, und wobei

das erste Diodenelement (D1) in Durchlassrichtung zwischen das erste Kapazitatselement (C1) und das zweite
Kapazitatselement (C2) geschaltet ist, und

das zweite Diodenelement (D2) in Durchlassrichtung zwischen das zweite Kapazitdtselement (C2) und das
dritte Kapazitatselement (C3) geschaltet ist.

Revendications

Appareil de conversion directe d’alimentation en courant alternatif, comportant :

une section de convertisseur (1) destinée a convertir une tension d’entrée de courant alternatif triphasé en une
tension de courant continu qui inclut des composantes de tension de courant alternatif superposées a des
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composantes de tension de courant continu ;

une section d’onduleur (2) destinée a convertir la tension de courant continu, qui inclut les composantes de
tension de courant alternatif superposées aux composantes de tension de courant continu, et qui correspond
a un résultat de conversion de la section de convertisseur (1), en une tension de sortie de courant alternatif
triphasé spécifiée ;

une premiére section de liaison a courant continu (L1) sur un c6té d’anode et une seconde section de liaison
a courant continu (L2) sur un cété de cathode pour connecter la section de convertisseur (1) et la section
d’onduleur (2) mutuellement ; et

un circuit de calage (3, 13, 23) qui est connecté entre la premiére section de liaison a courant continu (L1) et
la seconde section de liaison a courant continu (L2) et qui présente au moins deux éléments capacitifs (C1,
C2, C3), dans lequel

la section de convertisseur (1) et la section d’'onduleur (2) sont agencées de maniére a convertir la tension
d’entrée de courant alternatif en la tension de sortie de courant alternatif sans générer une quelconque tension
de courant continu lissée,

dans lequel, dans le circuit de calage (3,13, 23),

avec les éléments capacitifs (C1, C2, C3) connectés en série entre la premiére section de liaison a courant
continu (L1) et la seconde section de liaison a courant continu (L2), les éléments capacitifs individuels (C1, C2,
C3) sont chargés par un courant de régénération dérivé de la section d’'onduleur (2) ; et

avec les éléments capacitifs individuels (C1, C2, C3) connectés en paralléle entre la premiére section de liaison
a courant continu (L1) et la seconde section de liaison a courant continu (L2), les éléments capacitifs (C1, C2,
C3) sont déchargés.

2. Appareil de conversion directe d’alimentation en courant alternatif selon la revendication 1, dans lequel
le circuit de calage (3) présente :

un premier élément capacitif (C1) présentant une extrémité connectée ala premiére section de liaison a courant
continu (L1) ;

un second élément capacitif (C2) présentant une extrémité connectée a la seconde section de liaison a courant
continu (L2) ;

un élément de diode (D1) connecté dans une direction vers I'avant entre I'autre extrémité du premier élément
capacitif (C1) et I'autre extrémité du second élément capacitif (C2) ;

un premier circuit de commutation (Q1, D11) qui est connecté entre un point de connexion de I'élément de
diode (D1) et du second élément capacitif (C2) et la premiére section de liaison a courant continu (L1), et qui
se met sous tension au cours de la décharge du second élément capacitif (C2) ; et

un second circuit de commutation (Q2, D12) qui est connecté entre un point de connexion de I'élément de diode
(D1) et du premier élément capacitif (C1) et la seconde section de liaison a courant continu (L2), et qui se met
sous tension au cours de la décharge du premier élément capacitif (C1).

3. Appareil de conversion directe d’alimentation en courant alternatif selon la revendication 1, dans lequel
le circuit de calage (13) présente :

un premier élément capacitif (C1) présentant une extrémité connectée ala premiére section de liaison a courant
continu (L1) ;

un second élément capacitif (C2) présentant une extrémité connectée a la seconde section de liaison a courant
continu (L2) ;

un premier élément de diode (D1) connecté dans une direction vers I'avant entre I'autre extrémité du premier
élément capacitif (C1) et

'autre extrémité du second élément capacitif (C2) ;

un deuxiéme élément de diode (D2) connecté dans une direction inverse entre un point de connexion du premier
élément de diode (D1) et du second élément capacitif (C2) et la premiére section de liaison a courant continu
(L1); et

un troisieme élément de diode (D3) connecté dans une direction inverse entre un point de connexion du premier
élémentde diode (D1) etdu premier élément capacitif (C1) et la seconde section de liaison a courant continu (L2).

4. Appareil de conversion directe d’alimentation en courant alternatif selon la revendication 1, dans lequel
le circuit de calage (23) présente :

un premier élément capacitif (C1) présentant une extrémité connectée ala premiére section de liaison a courant
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continu (L1) ;

un premier élément de diode (D1) présentant une extrémité connectée a I'autre extrémité du premier élément
capacitif (C1) ;

un second élément capacitif (C2) présentant une extrémité connectée a I'autre extrémité du premier élément
de diode (D1) ;

un deuxiéme élément de diode (D2) présentant une extrémité connectée a I'autre extrémité du second élément
capacitif (C2) ;

un troisieme élément capacitif (C3) présentant une extrémité connectée a I'autre extrémité du deuxiéme élément
de diode (D2) et présentant I'autre extrémité connectée a I'autre extrémité de la seconde section de liaison a
courant continu (L2) ;

un troisieme élément de diode (D3) connecté dans une direction inverse entre un point de connexion du premier
élémentde diode (D1) etdu premier élément capacitif (C1) etla seconde section de liaison a courantcontinu (L2) ;
un quatrieme élément de diode (D4) connecté dans une direction inverse entre un point de connexion du premier
élémentde diode (D1) etdu second élément capacitif (C2) et la premiére section de liaison a courantcontinu (L1) ;
un cinquiéme élément de diode (D5) connecté dans une direction inverse entre un point de connexion du
deuxiéme élément de diode (D2) et du second élément capacitif (C2) et la seconde section de liaison a courant
continu (L2) ; et

un sixieme élément de diode (D6) connecté dans une direction inverse entre un point de connexion du deuxiéme
élément de diode (D2) et du troisieme élément capacitif (C3) et la premiére section de liaison a courant continu
(L1), et dans lequel

le premier élément de diode (D1) est connecté dans une direction vers I'avant entre le premier élément capacitif
(C1) et le second élément capacitif (C2) ; et

le deuxieme élément de diode (D2) est connecté dans une direction vers I'avant entre le second élément capacitif
(C2) et le troisieme élément capacitif (C3).
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Fig. 9
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